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instrument. Differential scanning calorimetry experiments were performed on a Microcal VP-DSC instrument (Northhampton, MA) in the labs of Dr. Jeff Hoch at the University of Connecticut Health Center (Farmington, CT). 1 H NMR experiments were performed on a Bruker 500 MHz instrument. All experiments were performed in phosphate buffer (10 mM NaH 2 PO 4 , 200 mM NaCl, pH adjusted to 7.1 with NaOH), except as noted.
β-peptide synthesis and purification. β 3 -peptides were synthesized on a 25 µmole scale using standard Fmoc chemistry and Wang resin loaded with β 3 -homoaspartic acid as previously described. 1 One cycle of peptide elongation consisted of the following steps: First, the loaded resin was washed with DMF (6 X 30 sec) and the terminal Fmoc protecting group removed with 20% Pip in DMF (1 X 2 min, 2 X 8 min). This deprotection step was supplemented with a second deprotection step using diazabicyclo [5.4 .0]undec-7-ene (DBU) after five residues have been attached to the resin (1 X 2 min 20% Pip/DMF, 2 X 8 min 20% Pip/DMF, 1 X 8 min 2:2:96
Pip/DBU/DMF, and 1 X 8 min 20% Pip/DMF). After deprotection, the resin was washed with DMF (6 X 30 sec) and the next β 3 -amino acid coupling reaction was carried out for 30 min using 2 equiv. of the appropriate β 3 -amino acid, 1.8 equiv. HBTU, 2 equiv. HOBt, and 5 equiv.
diisopropylethylamine (DIEA). This coupling was the repeated with fresh reagents for another 30 min. The resin was then washed with DMF (6 X 30 sec) before the next cycle of elongation.
This elongation cycle was repeated until the β-peptide sequence was complete. Once the final Fmoc protecting group had been removed, the resin was washed with DMF (8 X 30 sec) and methylene chloride (8 X 30 sec), dried for 20 min under nitrogen, and treated with a cleavage cocktail composed of 1% v/v each of water, triisopropylsilane and phenol in TFA (2 X 60 min).
The cleaved peptides were precipitated with 50% v/v pentane/ether. After decanting the ether
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and drying with nitrogen, the precipitated peptides were dissolved in 30% v/v acetonitrile in water and purified by HPLC.
The success of each synthesis was assessed by both HPLC and MALDI-TOF analysis of the crude reaction mixture. β-peptides were then purified to homogeneity by reverse-phase HPLC. The identities and purities of the purified β-peptides were assessed by analytical HPLC and mass spectrometry. MALDI mass spectra were obtained using peptide samples in -cyano- ( Figure S1 ). Following purification, β-peptides were lyophilized and reconstituted in buffer (previously described) for characterization. , and ln K a . = 82.5 ± 1.8.
The curve in Figure 2B was fit using these parameters. Wavelength-dependent CD spectra for
Acid-1Y* also shows a concentration dependent increase in helical structure ( where C P Max is the maximum difference between the thermogram and the baseline heat capacity and n is the number of subunits. The ΔH vH /ΔH Cal ratio was calculated using the fitted ΔH Cal (T 1/2 ) from above.
Crystallization and Structure Determination. Acid-1Y* (2.00 mM) was crystallized by hanging drop vapor diffusion over a buffer composed of 1.35 M sodium citrate and 0.1 M HEPES (pH 7.5). Crystals were cryoprotected using a step-wise transfer from mother liquor containing 0% glycerol to mother liquor supplemented with 7.5% glycerol and then 12%
glycerol. X-ray diffraction data to 1.54 Å resolution was collected at 100K at the Yale Center for Structural Biology. Data was processed to 2.3 Å resolution using the HKL2000 software suite. 7 Molecular replacement using a tetramer of the previously solved Zwit-1F octamer 8 was used to obtain phases calculated to 2.3 Å using CNS. 9 The data was determined to have partial merohedral twinning by the Yeate's twinning test with a twinning fraction (α) equal to 0.307932 ± 0.004175 following a twin operation of 2 along a*, b*. 10 Detwinning, density modification and NCS averaging were performed using CNS. 9 The program XFIT was used to build and refine eight 3 14 -helices into the electron density maps. 11 Refinement was preformed using CNS with an R free set to 10% of the data. and the position of the water peak was determined. 13 The transmitter offset ( 01 P) was set to this frequency for ZZPWG acquisitions. Post processing was performed with a sfil type baseline correction set to 1.5 ppm and a line broadening factor of 5.0 Hz. In order to acquire deuterium exchange data, the Acid-1Y sample was dissolved in phosphate buffer spiked with TMSP and lyophilized. The lyophilized sample was resuspended in D 2 O at a concentration of 750 µM just prior to insertion into the instrument. Prior to loading the Acid-1Y sample, the spectrometer was locked and shimmed on a sample of Zwit-1F in 9:1 H 2 O/D 2 O in phosphate buffer. Amide exchange rates vary logarithmically with pD in the EX2 regime (pH < 9.5 for most α-amino acid proteins) and therefore the pD of the Acid-1Y samples used in the NMR studies were carefully monitored.
14 Our experiments were confirmed to belong to the EX2 regime as previously determined. 13 We measured the pD of our Acid-1Y NMR samples after exchange was complete using a pH meter (Thermo Orion Model 410, Beverly, MA) in the laboratory of Prof. Ann
Valentine (Yale University). The samples were determined to have values of 6.80 ± 0.5 and 6.87 ± 0.5 pH units, which corresponds to corrected values of 7.20 and 7.27 pD units for Acid-1Y samples 1 and 2 respectively. 15 The 750 µM Zwit-1F samples were also determined to have a corrected pD of ~ 7.2. Protection factors were calculated using k rc values derived from poly-β-homoglycine or using α−amino acid dipeptides. 13, 16, 17 The former method has been described previously; 13 for the latter, we calculated P using k rc values values derived from all α-amino acid dipeptides represented by the sequence of Acid-1Y (NH 3
S12
The most conservative calculation of P for Acid-1Y makes reference to the k rc value for Glu-Leu;
the P values calculated in this way vary by a factor of four from the P values calculated with reference to the k rc value for poly-β-homoglycine (Table S1 ). 
